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Design Study of Fusion Experimental Reactor Tritium Plant (1)

Tritium Safety Systems for Reactor Building

Hiroshi YOSHIDA, Hideo NARUSE, Yoshinao OHKAWA
* *
Nozomu TANEMORI and Hitoshi HORIKIRI

Department of ITER Project
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received April 1, 1993)

A preliminary design study of tritium safety systems for the fusion
experimental reactor building has been carried out as part of the tritium
plant design for the ITER(CDA)/FER. FER building was used as the refer-
ence reactor building in the present study, because its general layout
has rather been clarified.

The major items described in this report are as follows;

(i) Review of the Japanese regulations related to tritium safety for
the protection of worker's and public radiation,
(ii) Review of the facility zoning in the Japanese commercial plants for
spent fuel reprocessing, PWR, etc.,
(iii) Review of air-leak tightness of the Japanese nuclear facilities,
(iv) Zoning of fusion reactor building (controlled and uncontrolled
areas),
(v) Design of room air detritiation systems for normal operation, in-
vessel component maintenance, and accidental large tritium spills,
(vi) Amount of tritiated waste water, solid waste and environmental
tritium exhaust from room air detritiation systems,
(vii) Required ventilation flow rate and operation time period at a large

tritium spill,

* Sinryo Corporation
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(viii) Requirements for the reactor building design
Keywords: ITER, FER, Safety Regulation, Worker's and Public Radiationm,

Fuel Reprocessing Plant, PWR, Tritium Plant, Reactor Building

Zoning, Tritium Safety System, Room Air Detritiation System
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e { % JRoow Condition wwmwmouncumon,
» Room Volume
(%) . Room Temperature & Huwmidity
IDeclslon of Room Cundltionl » A{r Inleskages
‘L . Tritium Release
Calculation of Q1 « MPC Value or Minimue Renewal
based on Afr Inleakages Rate
‘l, . Heat Load

Calculation of Q2

besed on MPC ¥alue

v

No
Tritive Release Accldent
Ne
Yes
& ) A
Installation of TCS Installation of TCS Installetion of TCS
r
for Accidental Mode fer Accidental Mode for Normal Operotlion
fRecirculation System)
¢ >
Decision of Ko Admit-|
No
tance Perlod (T) 1 gz » W1
Calculation ¢f TCS Yes
Alr Flow Q5

Cnce-through System [ [Recirculution Systen}

I

Calculaticn of Q3

Calculation of Q6 based on DF Value of

based on Heat Load ¢S5

v

g - Q1 Q = Q3

>

-

y

Yes \ Calculation of Q4
llnstullation of LCS based on Heat Load
if]
Q>
(Installatlon of LCS l Yes
¥
€
END

(NOTE)
. LCS ; Loconl Cooling Syster
. TCS - Tritium Clean-up System

+ MPC . Mopximum Permisslble Concentration

+DF . Detrlitintlon Fector
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{ % JRoox Condition

START - Room ¥olume=102300 =?

T TSI T eNY

(%) i « Room Temperature = 10 ~ 40 °C g

Inecislon of Room Conditlonl é » Room humidity - under 60%g §

‘ - Air Inleskoges = 10 ygvel/day é

430 m? /hr Calculation of Q1 - Tritium Release -0.6 Ci/doy é
based on Aflr Inleﬂkaées . HPC Yalue = 1 MPC{ 5x10-9Ci/m3 ) g

Y

Calculetion of Q2

based on MPC Volue

Tritium Releasse Acclident

¥

Instellotion of TCS
1
for accldental Mode

(Recirculation System)

v

Cecision of No Admit|

tance Peried (T)

v

Conlculation of TCS

Air Flow Q5

Calculation of Q6

tased on Hest Load

Installstion of LGS

No

« Heat Load ~B37400 Xcol/hr

Installetlon of TCS

for Accidental Mode

Installation of TCS

for Normal! COperation

tio

g2y W

Yes

Once-through System I

IReclrculation Systng

Q-
5100 =3 /hr

Calculation of Q3
vased on DF Value of

TCS

Q4 - 145400 m? /hr

Calculotion of Q4

based on Heat Lood

No

> o

Ilnstallaticn of LCS_J

EN

D

(NOTE)

. LCS . Local Cooling System

. TCS . Tritium Cleon-up System

. MPL - Maxlmuw Permlissible Concentrotion
.DF . Detritintion Foctor
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(%) « Room Temperature = 10 - 40 g
IDecislon of Room Condltlnnl { . Room humidity = under 609
{ { . hir Inleskoges = 200
Calculation of Qi E « Tritium Release -0.6 Ci/day
based on Air Inleakages . 5 « HPC Value = 1 MPC( Sx 10-+Ci/m? }

¥

Calculetion of Q2

based on MPC Value

Tritium Release Accident

r

Ingtallation of TCS
for Accidental Mode

(Reclrculntion Systenm)

)

Decision of No Admit-

tance Perled (T)

i

Calculation of TCS

Alr Flow Q5

Calculetion of Q6

besed on Hemt Load

Installatd

on of LS

(NOTE)
- LGS
. TCS
. BPC

- DF

+ Local Cooling System
. Tritlum Clean-up Systex
. Moximum Permissible Concentratien

. Detritintion Foctor

Ko

(% JRoox Conditicn

- Room Volume-101130 =?

» Heat Load -656600 Kecal/hr

Virrrm ey oo

G

i

ogval/day

Installation of TCS

for Ahccidental Mode

Installation of TCS

for Normal Operation

Q
@) @
Yes

Once-through Systex ]

[Recirculution System

v

Celculation of Q3

besed on DF Value of

TCS
Q = Q3 l

b
Q = 8450 =»? /hr Q - Q
>
Q4 - 114100 =w? /hr Colculation of Q4
based on Heat Losd
No
Q » Q4
A
IInstallation of LGS [ Yes
%
END
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START

Inatallation of TCS
+
for Accidental Mode

(Recirculaticn System)

¥

Decislon of No Adwitd

tance Perlod

¥

Calculation of TCS

Alr Flow Q5

(% }Room Condition

- Roor Yolume~102300 =3

TR

(%) + Roon Temperature = 10 ~ 40 | §
[Decislon of Room Condition I i + Reon humidity = under B0gg §
‘ i . Alr Inlenkages = 10 g%gvol/day g
Gl = 500 w? /hr Calculation of Q1 « Tritium Release = 22x 104 Ci/day ;
besed on Alr Inleakages ! . MPG Valua - 1 MPC( 8x10-%Gi/m? ) i
‘ i . Heat Load ~837400 Kcal/hr ;
02z - 1.83x10" m? fhr Celculation of Q2 | o mmmmmmmmmmmmmm
based on HMPC Value
No
Tritium Release Acclident
Yes
Installation of TCS Instellation of TCS
for Accidental Mode for Normel Uperation
- 450 I
T 80 hr Mo I/,/,,/j
(T) Gz o
Q5 = 3000 w?® /hr Yes
Cnce-through SysteTAJ [ Recirculation Systen]
g = 3060 m? /hr ‘J/

Calculation of Q6

based on leat Loed

Q6 ~145400 m* /hr

Mo
Q ) Q5
Yes ¥
Installotion of LGS

(NOTE)
« LCS ; Local Cooling System
. TC5 . Tritium Clean-up System
« MPC . Mexlwun Fermissible Concentrotion
. DF . Detritintion Facter

Calculatlon of Q3
besed on DF Value of

TCS

Instellation of LCS l

v

Colculetion of Q4

based on Heat Load

END
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Cy u 2
qD 00 7 Ures iyisesessasesessassersatararanenrartrraarttanesatatantntattnirnnte {14
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Qoldco &FRLRER (=0. 18kg-H,0/kg-MS54) TH D, qoestd, FHELIR (BARE
350°C, BAIFCOFUEN ADHEAIFC) DEHRER] .. (=0.012kg-H.0/kg- M) TH 5,
ZRFHEES (), 7 IFEEE (=720kg-MS5A/R*) TH 5,
(iv) FrEREMRWOEH
FIEBEEXD (n) TERJ L,

/
W= DQfT Z'}’[ uCP tg+ _fl] ....................................... Ceeerrarear e 15

&6, 71t DLEORNEROTHEISGTE U/CEREET C SRRREORIRES Z &7 AR
R RS & OMRRIE T H 5, BRSO EEREOES, SBEKNIEE ST &
Fzioblcid, EERAE AT, ARFREG In/s BT e LEdhdiisand EBisrn
%, BEERZ2~4niib, AHEOFE S A -5 EZLIMIRT,

Q=2.5m*/s(25°C, 1.2atm) ,
co /es=10°,

Co=6.93x10 *kg-H,0/m® ,
go =0, 168kg-H.0/kg -MSHA,
Nor= 7, Krav=2.3,

y =T20kg-MS5A/m® .

. REBOERBOEARIE 50CTOMMEER~OKED BENEEETLIOT,
ARSI TEAOE0EL W1 A 500 EETHS, LL, Xh 53
ZE5icy =0.4n/s, 2:8RITHERBEIIN0N TH D HEEN TR, BERNEILERNOT
C SHZTI, WIRHEDADKSHEEAABICERT 56 50 OFMUMET 0 2 APLETHS D

7120, 1co =6. 93X 10 *k-H0/m* & T 5 & Z=6nTH 1 ¥y AOEEDTHELTEB)
(v) TCSHRERBOHERR ‘

W, A RESTERE R O EREER T C SRk 2t ometatBaER (2L, B

HEIRE 0.5A & L) A&G 5 —KR6 TREED,
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%61 EEEETCSOFERR S HzHR
# 1 BT C S Bz MK A B E AR AF b
A& (m°/h) (h™h) (h) DPEHE (C i)
500 0.0049 1206 22.00
1000 0.0098 1307 11.06
2000 0.0200 655 5.54
3000 0.0293 437 3.70
4000 0.0391 328 2.77
5000 0.0489 262 2.22
6000 0.0587 219 1.85
7000 0.0686 188 1.59
8000 0.0782 164 1.39
9000 0.0880 146 1.23
10000 0.0978 131 1.11
12500 0.1221 105 0.89
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6.5 WRERET S A—F (1) RFPHLEEEROR S

| HE Eoy=2 LS i
KERSDTE M, - 138
KREBTEESE P., atm 218 4
7k TR T.. K 647.3
TR T R M, — 29
e REERITN P., am 37.3
TR Teo K 132
AHEER R J -g-mol” - K 8314

AR P AR T K 293
SRR AIES] P arm 1.2
7 A —t LB R R Dy m*,/ s 1.84x10"
SHEHEEILRRER Dy m* /s 0.211x10*?
BEILRRE Dy m® /s 0.189x107
FILAIH R RERE D, m® s 0.0:167x10 "
M S 5 ADMEFL/ERR g% — 3. 4
MS 5ADT 7L HILE €,y — 0.30
M S 5aMZERE € — 0.36
MS SADNFERE d m 3.2x107°
PO AR Bk a, s 5.42

F£6. 6 EBRENEETEASA—F (2)  FEBRAERSOER

HE Eogz2 EX5 WEEE | oEE | BiE | BRF

TCS TCS |TCS-1 | TCs-2

IERA A GRE T K 293 | — - -

ERBETAEN P aim 1.2 - —- -

PIRET16-3 Q m>, h | 10800 5100 1500 | 250

BAGRIEE Q, | m*s | 25 1.18 0.35 | 0.058

1414 u m,/ s 0.36| — — —

BEE D, m 3.0 2.0 1.1 | 0.5

HAEE o |kg/m°| 1.43 |~ - —

HARETEOREL 17 kg/m * S | 1.82x107) — - -

LA JIVAE Re — g8 - - —-

MSSARIFEE d - m 3.2x10° | > — -

MS5A BT F H R R a, | m>/m°| 1600 — — —

FoIRBZERE € — 0.36 |~ - -

iR AT k.a, | s 169 | — —

RSt §:3 7 Bk.a, s7' 5.4 — - -

PERBAI | Kea, | s 5.3 — - —
SIETE B BAIIR Nor 4.0 — - -
EATERS Za 0.30 | — — -
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#6. 7 ZREEHTE S A—4 (3) RiEER, AHEEBOHE

HE e Hifyy 1
ACIRS R (5 °Cag) Cy kg-H,0,/m* 6.93x10°
AORFAE (5 CRA) | P, | mmHg 6.55
ERmaE (257C) a, kg-H,0/kg-MSSA 0.18
 EREmEE a.., | kg-H,0/kg-MSSA 0.02
FEEILIE - aQ,’ kg-H,0/kg-MSSA 6.16
ERRFFRE (a, ) B, m® /kg-MS5A 23.09
MSSATCIHTE Y kg-MS5A ,/m® 720
TEAZEFA ty s 4.32x10"*
ZEX4 R u m/ s 0.35
RS Za m 0.27
FoiE e z m 1.16
MSSAFIER GE¥EER) W kg-MS5A 1017 9%
MSSAFCIHE (R ISEEER) | w kg-MS5A 45 2 4%¢
MSSATIRE (B@EA-1)| w kg-MSSA 13697
MSsSAFIER (BMEFH—-2)| W kg-MS5A 2 8 3%¢
x1 HEEE3ISOC BENAOBALIST

X2

R AR SRR

HERE OV (m?)

W U Fo A8 Ao (CL)
Rt o BT A

FHEE U F 7 ABF . Ct (Cinr)

RAHMEEHLI00%E LTEEE 2mE LGE.

HE MU F 7 A D Aex (Ci)

AE w7

|
d eI
IRMZEEIR | Wi (mi/h) W (/1)
w o TCS—1 W Frcs—2
ER S W, (k) AEVES © W2 (P /h)
KrheE s DF, (—) ke DR, (—)
61 KB MY FYLEEREOSER MU F Y Le{lEkiEEERT -
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T, HABRIE ¢ (-)

0 0.9 0.99 0.999 0.9999 0.99999  (1,999999
I T T I
0.6 | g k=2.27x10 Sexp(-7100/RT)
. (m®/s - m-fRiE)
MEEE 1.08x10*m*/h (20T, lawm)
0.5 AL F A EHES l.4kg/ cm?
’ fhigiEE 4 7 3K
= M FEBERE 0.3 (-)
E 0.4
Q
-
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i
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=1
HE2
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7. £ & ®

I TER, FERZONKBMAERFICHT S THERM, HEEGRM NB I BERME, —K
BEITRA v ¥ —BOIFRIREEL, MEZO L0 M) F 9 LEADIRE (32 REMR) &L
TOBEAEA ZNELRH S, ThOORBEL, ERFEEOTNTORE (EEEE, i
S ORETER:, EHOS) CBLTIELEOREEEL, HOBENEHENS MU F Y LEE
L B ORARE (BRSES MY 77 LB{LER) ARARER S, REEHRHTIR, 7
BRAEERR CENERUOEERS, ROSEHEHC Y F 7 A0RAET 5 TREES B 5 KD
LIEERE (b Y F Y AREOBRNSE -1 ORI K/ - VXA L, FIEICOLTEER
TES L) Ty ARG GREIEE, SMREIEGR, EReEEO 3R . BEIOLTIFRT
A DR AT » 1, DT, AHROBIHC BV TERT 5 XTERETH B,

1) BEREEL U F Y LBILEEBICOVT |

(i) BEZH ) F T LE LR
IS EEE O AR IR, PRI & A EROBKEH AL, KEFREEOB AN S,
TR EDE >N IAERES ABESE AV I ENELONE, IOBAICE, R Fv Y
HR, AU LT ZEOBEELHNO b F9 LB RERTNLEL D,
(ii) EeRFER, HeaRERit
TEE R ) A A LREAREERT B P Y F Y LKERIEORE X, IR, RUEEN
R (R EAERD 13, BRKPOAHIHTARESRETCLORE(RELSE, HRE
DEHE, SEE, LEER EAEEAEELABENLERINLETS S,
(i) b Y F o LBREFR
TS ) F 7 LOBRESEROBEAOSE b U F Y LRI, i LEVERE (B L)
CERBEED | Y F U LOKIRESERIC X D EE BREER OF) ISRET BH, KERRAT7 v E
LB X DDA KIEIC BN A S & LTRETH S (2L, F U F Y LRERSEINT D) .
MU F o LR EREOERICKGT TN RERMARA LML, BEtROEEL R
et BN ELH B,
) FEEETOVT
(i) MEOTEE L
ZEES b U T LRI & 5 RRSLENLERL LAAD b Y F LREOTREED S

BEEEIISVWTIR, TXARUEEELEHALENS S, LT, BROKZVEHRICS

WTIE, 10vol %/dfBEE T2 2 &0 E L (& 10vol %/d, RESOEITH L T200vel %

/& Lk, Y F Y LERRERS N /AE D, KRS RERER - WERED

FARTH D) o

(i) V—rORSOREL CEMEITXS, BERERXD)
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AREeid, BERERICES ERTO M) F Y LKBERSICLGER S = v TR
Bot, THHD, REFREBRESESFHUTIEASL ILOTE A5 & L TEEXKBEx
L, BES U F Y AR EERMREREOES R b ) F o LkBES TMPCa (185X 107 Bg
/n®, RIS {Gh 5 HEEOBE#E =2 1x107Bg/cn®) DITEHERFTEISbOL LI, 5K
PRI BV TEENO RS RESA S M - tBIET, P F T AL SAHKERS
HEEIC X 2R DA A ER LY — Y RARUERH b F7 LKBEREZED

- BSELD B,
(i) BEXBOTHADFIR
AR TIE, BRI EESAER LTV TADEERBRNICIBAL I ENTES L%
FHEE Lo b F o ARAREH 2T -7, UL, FEALEREOS C3BHMEEn, KE
BT BADEELSFTEHNDL SABEINE I ENS, TAEHHEREALILADRMHRE
A Lz b F 9 AOESINER R T UL END S,
(3) kU F I LR &R RO LB
ERRETTIE, BB R T LORED D BREROSEEEIFC b ) F U LOREDND 5l
AEEEIRL, RERIIFNTH-EIC0.60i/d & Ui, PRZRKOSERDOBRHIBWVT, £
NERD b Y F 9 LEREOEHETHANETH D, LOKELRENTFHEINSBEITHL
TIB SRR VR 21710 NETH B, &I, ITET 1 ARV v b AGTRGE, NBIEF
SR VEELRE, THRER LTS T+ TRy TRE, —RGEHKR L TREESERE N F
v LRARE & B B[RSV & TR AN G, SREERO ) FY LRERIOVTHERD
WL B EI AT,
) KRB MY FULRKEELREEO P F U LER
ARFTIR, ROXSICHROTEMLU-FRBRE M) F U LEBHITESCFRAK N 7Y
L RO & EEISRIORET EITE o 72,
—T, H ADHHFRE L,
—ENEMTEMTREICTSEESL,
— LR O EIL - I - BERET S,
LB ORITTH, BHREOHEEINLEFNEFNORMEDRMFIIEN, EXXELOMDE
B H AOERICHT 256~ OFNORME, BESECHELOBIIER (WS e, [k
M) AEELf Y F ABEEEONCT ALENRD D, Fi, BLBRBOMIRICKEXD
BEE 57 L ABKBEORNAKES ZDHET 2HE50RIT LAUTRTH 5,
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